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INTRODUCTION
Non-typhoidal Salmonella (NTS) spp. is an important cause
of infection in both human and animals. Although food-borne
diseases caused by NTS are representative of NTS infections
in human, bacteremia and other invasive diseases are also
caused by NTS.
Several studies have documented that farm animals are the
main reservoir for NTS in developed countries. In the US
and Europe, outbreaks of gastroenteritis caused by Salmonel-
la enterica serotype Enteritidis have been considered an impor-
tant public health problem since 1990 (1). Nearly 1.4 mil-
lion cases of Salmonellosis occur every year in the United
States (2). Investigations of outbreaks and sporadic cases have
indicated repeatedly that the most common sources of S.
enteritidis infection are undercooked or raw eggs, contami-
nated poultry, beef, pork, eggs, and milk (3, 4). For instance,
in the U.S.A., it is estimated that over 95% of NTS infec-
tions are related to food-borne transmission (2).
NTS infection has emerged as an important public health
problem in Korea since 1995, when the nation-wide school
meal program started. However, with increasingly stringent
food safety measures, salmonella have shown a tendency to
decrease, i.e., from 2,242 isolates in 1999 to 902 isolates in
2002 in Korea (5). Recently, however, it has been reported
that the prevalence of Salmonella spp. in food, especially in
poultry products (up to 2.2%) is high in Korea (6). Investi-
gations have shown that the prevalence of S. enteritidis -in-
fected chicken and eggs in retail outlets is 18.5% (7), and
have suggested that infected raw eggs or chickens could be
major sourceies of Salmonellosis in Korea, but there has been
no further studies. 
In these days, multi-drug resistant (MDR) salmonella is
an emerging problem because of the wide-spread use of anti-
biotics in veterinary medicine and animal husbandry, and as
growth promoters in livestock (8). According to a previous
report, the frequency of MDR S. typhimurium DT104 was
28% among total S. typhimurium isolates in US (9). The fre-
quency of DT104 in all isolated S. typhimurium was 10.8%
and 2.5% in 1998, and 1999, respectively in Korea (10). 
The purpose of this study was to identify the presence of
DT104 among NTS isolated from broiler chicken which is
the main animal reservoir of Salmonellosis and among iso-
lates from patients of southwestern Seoul, Korea in 2003.
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Characteristics of Non-typhoidal Salmonella Isolates from Human and
Broiler-chickens in Southwestern Seoul, Korea
Non-typhoidal Salmonella (NTS) is an important commensal microorganism. The
purpose of this study was to determine the epidemiological relation between NTS
isolates from livestock and NTS isolates from human by analyzing antimicrobial
susceptibilities and performing molecular typing. We determined the serotypes of
36 human clinical isolates and 64 livestock isolates, performed antimicrobial sus-
ceptibility testing against 8 antibiotics, and determined the molecular types of iso-
lated NTS spp. by pulsed field gel electrophoresis (PFGE). In human isolates, S.
enteritidis was the most common serotype (17 isolates; 47.2%) and S. typhimuri-
um the second most (8 isolates; 22.2%). In livestock isolates, S. typhimurium was
the most common serotype (15 isolates; 23.44%), and S. enteritidis was the sec-
ond most (14 isolates; 21.88%). Ampicillin and tetracycline resistance were 50%
(32/64 isolates) each among broiler-chicken NTS isolates. No human or livestock
NTS isolates showed resistance to ciprofloxacin, TMP-SMX, or ceftriaxone. How-
ever, 19.4% (7/36) and 46.8% (30/64) of the human and livestock NTS isolates
were resistant to nalidixic acid (MIC ≥ ≥16 mg/mL), respectively. The presence of
the three identical PFGE molecular types from human and broiler-chicken NTS
isolates suggests the possibility of transmission from livestock to humans. 
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The antimicrobial resistance pattern was examined to under-
stand the seriousness of antimicrobial resistance. In addition,
the most common serotype and molecular type were inves-
tigated from the NTS isolated from the patients of the same
area and broiler chicken to verify the relation between human
and livestock isolates. 
MATERIALS AND METHODS
Human isolates
A total of 36 representative human NTS isolates were col-
lected from patients with clinical NTS infections who visited
Korea University Guro Hospital that was located in South-
western area of Seoul, between October 2002 and August 2003.
Sample collection from livestock
Form March 2003 to August 2003, a total of 300 samples
from broiler-chickens originating from a number of different
farms those are located in suburbs of the southwest area of
Seoul were collected from three representative slaughter hous-
es those were also located in the same area (Fig. 1). Howev-
er, individual farms were not identified. Five times in total,
20 chickens each were sampled from each slaughter house.
Sampling was done in a random systematic manner with
every fifth bird in the processing line being sampled. Entire
ceca were removed from the slaughter and dispatched to a
microbiology laboratory, where their contents were removed.
Sample materials were pre-enriched in buffered peptone water
(35℃ for 20 hr) and selectively enriched by inoculation on
Modified Semisolid Rapparport Vassiliadis Medium at 41.5
℃ for 24 hr. Pure cultures were obtained by streaking on
blood agar and MacConkey agar plates. Slide agglutination
test using polyvalent Salmonella antiserum (Difco, Detroit,
IM, U.S.A.) was used for preliminary identification of isolates.
Serotyping 
All isolates were confirmed as Salmonella, and then sero-
typed (11). Serotyping was performed at the Korean Insti-
tute of Health & Environment, Seoul, Korea. 
Antimicrobial susceptibility testing 
Antimicrobial susceptibility tests were performed on Mu-
ller-Hinton agar (Oxoid, U.S.A.) by using the agar dilution
method (12). Minimal inhibitory concentrations (MIC) were
determined according to the National Committee for Clini-
cal Laboratory Standards (NCCLS) (13) guidelines. Escherichia
coli ATCC 25922 was used for as a quality control standard. 
The following antibiotics were tested: ampicillin, gentam-
icin, kanamycin, ciprofloxacin, tetracycline, trimethoprim-
sulfamethoxazole (TMP-SMX), chloramphenicol, nalidixic
acid, and ceftriaxone. 
Pulsed field gel electrophoresis (PFGE) 
The clonality of Salmonella was analyzed by PFGE. Follow-
ing the previously described methods (14, 15), genomic
DNA was prepared by embedding cells of Salmonella iso-
lates in agarose plugs and lysing the cells using lysozyme,
sacrosyl, and deoxycholate. Xba I (TaKaRa, Shiga, Japan)
was used to digest the DNA for each isolate. Electrophore-
sis to separate fragments by size was carried out using the
CHEF-DR III system (BioRad, Richmond, CA, U.S.A.). The
PFGE pulsing and running conditions were an initial 3 sec
to a final 30 sec for 23 hr and at 6 V/cm at 14℃ Bacterio-
phage lambda concatamers (New England Biolabs, Hitchin,
U.K.) were used as molecular size markers. Following elec-
trophoresis, the gel was stained with ethidium bromide,
visualized under UV light and photographed. Clustering
analysis was based on unweighted-pair group method of
arithmetic average (UPGMA) and was performed with Gel-
Compar software (version 4, Applied Maths). 
RESULTS 
Human NTS: clinical characteristics of patients and
serotypes
Thirty-six human NTS were isolated from October 2002 to
August 2003 at Korea University Guro Hospital. These iso-
lates were from sporadic cases seeking medical attention, who
were living in the southwest Seoul and neighboring areas. 
It was difficult to incriminate any particular common food
source, and moreover, there were not any travel histories, and
therefore we could assume that the cases had developed in
Fig. 1. Locations of study hospital (H) and three slaughter-houses
(S) in the southwest area of Seoul and its suburbs.Molecular Epidemiology of Non-typhidal Salmonellosis 775
the Guro district and its neighboring, southwest area of Seoul. 
Among 36 human isolates, 32 NTS were isolated from
stools. The other NTS sources were blood (3 isolates) and
urine (1 isolate). There were 22 men and 14 women, with a
median age of 29 yr. Most of the patients did not have any
underlying diseases, such as diabetes mellitus, malignancy,
renal dysfunction, abnormal liver function, peptic ulcer dis-
ease, or cardiovascular disease. One patient had breast cancer.
Serotypes of human NTS isolates are listed in Table 1. The
main Salmonella serovars were S. enteritidis (17; 47.2%) and S.
typhimurium (8; 22.2%). Other serotypes such as S. brandenburg
(1), S. heidelberg (1), and S. istanbul (1) were isolated in small
numbers.
Broiler-chicken NTS: characteristics and serotypes 
Of the 300 cecal samples from freshly slaughtered broiler-
chicken, NTS were isolated from 21.3% (n=64) of the slaugh-
tered chicken between March 2003 to August 2003. S. ty-
phimurium was the most common serotype (15 isolates;
23.44%), S. enteritidis (14 isolates; 21.88%) and S. tennessee
(13 isolates; 20.31%) were the second and third most com-
mon (Table 1). 
Antimicrobial susceptibility 
The antimicrobial susceptibilities of the NTS isolates are
shown in Table 2. Of the 36 human NTS isolates, 25% (9
isolates) were susceptible to all tested antimicrobial agents.
However, only 4.7% (3 isolates) were susceptible to all test-
ed antibiotics among 64 livestock NTS isolates. The remain-
ing strains were non-susceptible to one or more of the anti-
microbial agents tested. The proportions of resistance to tetra-
cycline and ampicillin were remarkable in both groups: 52.8
% (19 isolates) and 41.7% (15 isolates) of 36 human NTS
were resistant to tetracycline and ampicillin and 50.0% (32
isolates) to each antibiotic among 64 livestock NTS isolates
(Fig. 2). The prevalence of dual resistance to ampicillin and
tetracycline were 38.9% (14 of 36 isolates) and 54.7% (35
of 64 isolates) in human and livestock NTS isolates, respec-
tively. 
No human or livestock isolate showed resistance to cip-
rofloxacin, TMP-SMX, or ceftriaxone. Although all our NTS
isolates were susceptible to ciprofloxacin, 19.4% (7 of 36
isolates) and 46.8% (30 of 64 isolates) of the human and
livestock NTS isolates were resistant to nalidixic acid (MIC
≥16 mg/mL), respectively.
Even though 8.3% (3 of 36 isolates) and 17.2% (11 of 64
isolates) of the human and livestock NTS isolates demon-
strated resistance to three or more antibiotics, we could not
find out DT104-like strain by antibiotic susceptibility test.
Overall, the level of resistance in human NTS was similar to
that of livestock in Korea except against chloramphenicol.
Serotype
Human 
isolates % (No.)
Broiler-chicken 
isolates % (No.)
Sum 
% (No.)
S. enteritidis 47.2 (17) 21.9 (14) 34.1 (31)
S. typhimurium 22.2 (8) 23.4 (15) 25.3 (23)
S. istanbul 2.8 (1)
S. montevideo 2.8 (1) 9.4 (6) 7.7 (7)
S. london 2.8 (1)
S. heidelberg 2.8 (1)
S. ohio 2.8 (1)
S. kambole 2.8 (1)
S. tennessee 2.8 (1) 20.3 (13) 15.4 (14)
S. rissen 2.8 (1)
S. schwarzengrund 2.8 (1)
S. newport 2.8 (1)
S. brandenburg 2.8 (1)
S. salamae 14.1 (9) 9.9 (9)
S. virginia 6.3 (4) 4.4 (4)
S. bovis-morbificans 4.7 (3) 3.3 (3)
Total 100 (36) 100 (64) 100 (91)
Table 1. Distribution of the human and livestock Salmonella by
serotype 
Antibiotics
MIC ( g/mL)
Range
HC
MIC50
HC
MIC90
HC
%
Resistance
HC
Ampicillin 4-128< 8-128< 8 16 128< 128< 41.7 50
TMP-SMX 1-32 1-8 2 2 8 8 0 0
Ciprofloxacin 0.016-1 0.008-0.5 0.03 0.06 0.06 0.25 0 0
Chloramphenicol 2-128 4-128< 4 4 8 128< 5.5 14.1
Tetracycline 1-128< 2-128< 2 8 128< 128< 52.8 50
Nalidixic acid 0.008-128< 0.008-128< 4 8 32 128< 19.4 46.8
Ceftriaxone 0.03-1 0.06-0.25 0.03 0.125 0.03 0.125 0 0
Gentamicin 0.5-128< 0.5-1 0.5 1 1 1 5.5 0
Kanamycin 1-128< 2-128< 2 4 8 4 5.5 4.7
Table 2. Minimal inhibitory concentration (MIC)s of NTS isolates against major antibiotics
H, human isolates (N=36); C, broiler-chicken (N=64), TMP-SMX, trimethoprim-sulfamethoxazole.776 H.J. Cheong, Y.J. Lee, I.S. Hwang, et al.
Pulsed field gel electrophoresis 
In order to compare the clonality of NTS isolated from
human and broiler-chicken of the Southwest area of Seoul
and its suburb area, we typed all the 54 isolates of S. enteri-
tidis, S. typhimurium; major serotypes of our study, by PFGE
and XbaI digestion.
S. enteritidis was the most common isolate regardless of
NTS source or isolation date (Fig. 3A), there was one pre-
dominant PFGE type, A0, and this profile was further dif-
ferentiated into 2 subtypes (A0 and A1) with a 1-3-bands
difference (F=0.8-1.0). It was shown that 87.1% of the total
strains sampled (27 of 31) had very closely related profiles,
indicating the homogenicity and clonality of S. enteritidis
strains. They showed as high as 94% similarity in dendrogam
analysis. Other than PFGE type A, two different PFGE types
were observed among S. enteritidis isolates: B (6.5%, 2 iso-
lates) and C (6.5%, 2 isolates). Unique B type was associat-
ed with two strains isolated from one bacteremic patient
with breast cancer and from one patient with diarrhea. Type
C was observed in strains, one from other diarrhea patient,
and the other from broiler chicken. 
The second most common isolate was S. typhimurium and
also regardless of the source, 21 isolates (7 human isolates
and 14 chicken isolates) from the total of 23 isolates (8 human
isolates and 15 chicken isolates) were type D in PGFE, and
91.3% of the total isolates showed very closely related pro-
files. In the dendrogram analysis it was divided into two
parts; a main cluster (PFGE type D) showing 90% similarity
and 2 unique strains (one from a patient with diarrhea and
the other from broiler-chicken), PFGE type E, L (Fig. 3B). 
As a result, regardless of the source, both S. typhimurium
and S. enteritidis showed limited PFGE pattern diversity dur-
ing the study period for each serotype. Moreover, a relatively
unique PFGE pattern could be observed for each serotype.
DISCUSSION
Non-typhoidal Salmonella represent an important public
health problem in many parts of the world, including Korea.
As found in the U.S.A. and Europe, domestic animals are
the major reservoir and foods of animal origin are the major
vehicles of NTS infection in human (16, 17). This may also
be applicable for the NTS we studied. We found that the
distribution of NTS serovars among livestock from slaugh-
terhouses were similar to those in humans. Both human and
livestock isolates were predominantly S. enteritidis and S.
typhimurium, although more diverse serotypes were isolated
from broiler-chicken. We could infer that infected broiler-chick-
en is the major infection source of human Salmonellosis. 
Almost all of the human and broiler-chicken isolates show-
ed resistance to more than one antibiotics, suggesting that
antimicrobial resistance is widespread in both human and
livestock. As noted in another study (6), Salmonella isolated
from livestock showed resistance to ampicillin (50%) and
tetracycline (50%), which reflects the wide use of tetracy-
cline, ampicillin, streptomycin, and nitrofurantoin in the
Korean broiler industry.
In this study, no isolates showed resistance to both cipro-
floxacin and ceftriaxone either among the human or broiler-
chicken isolates. However, 7 human (19.4%) and 30 (46.9
%) broiler-chicken NTS isolates were resistant to nalidixic
acid (MIC ≥16 mg/mL) and showed reduced susceptibility
to ciprofloxacin (MIC ≥0.125 mg/mL). The incidence of
nalidixic acid resistance among broiler-chicken NTS (46.8%)
was significantly higher than those from human NTS (19.4
%) in this study (p=0.006). The higher rate of nalidixic acid
resistance among broiler-chicken isolates compared to human
would be related to the widespread use of enrofloxacin in
commercial farms; susceptibility of NTS to enrofloxacin
reported to be decreasing since late 1990s (18).
This result is important because there are several reports of
treatment failures in humans with short-course fluoroquino-
lone therapy for Salmonella infections caused by strains with
reduced fluoroquinolone susceptibility (19-22). Since fluo-
Fig. 3. Dendrogram showing cluster analysis of PFGE Xba-I pat-
terns from 54 strains of S. enteritidis and S. typhimurium generat-
ed with GelCompar by the UPGMA method. The different PFPs
and number of strains tested are indicated.
(A) S. enteritidis, (B) S. typhimurium.
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Broquinolones are the drugs of choice for extraintestinal and
serious intestinal complications involving Salmonellosis, flu-
oroquinolone resistance has the potential to cause serious ther-
apeutic problems. An outbreak of quinolone-resistant bac-
teria has been reported from livestock to human (23). Thus,
the use of fluoroquinolones in livestock should be restricted. 
Although incidences of MDR NTS in human and in live-
stock were low in our study, the use of antibiotics in animal
husbandry is one of the possible causes of increasing MDR
Salmonella and drug-resistant Salmonella in livestock. More-
over, MDR Salmonella and drug-resistant Salmonella could
be transmitted from livestock to human (24). Also, human-
to-human transmission of MDR Salmonella has been impli-
cated in a series of hospital outbreaks in Europe, North Africa,
the Middle East, and in Southeast Asia (25-27). So, the con-
tinuous surveillance of antibiotic resistant NTS in human
and animal sources remains a first approach to the detection
of possible outbreaks of MDR NTS in Korea.
Dendrogram analysis of XbaI-digested genomic DNA
separated by PFGE showed that certain common, dominant
PFGE groups are present among NTS from humans and
broiler-chicken, namely, type A for S. enteritidis, type D for
S. typhimurium. Therefore, we presume that these human
NTS serovars are related to corresponding serovars from ani-
mal sources, and that a few dominant strains are largely res-
ponsible for NTS infection in human and in broiler-chicken.
Such molecular typing data allow us to elucidate the clonal
relationship of the strains and would be useful for tracing
the source of NTS infection in humans.
Based on our serotyping and molecular typing results, we
found that common types of NTS have already spread bet-
ween human and livestock in Korea. Coincidental isolation
of the same Salmonella serovars with indistinguishable molec-
ular type from human and livestock underlines the impor-
tance of zoonotic relationships (28). 
The limitations of this study are as follows: 1) human is-
olates were restricted to the southwest area of Seoul; 2) the
number of human isolates was small; and 3) although cross
contamination in the slaughterhouse was eliminated to the
best, same serotype or genotype NTS might have been iso-
lated due to cross-infection among chickens in the slaugh-
terhouse. 
However, since the area of detection of patients and the
region of chicken farms and slaughterhouse match, the com-
parison of the relation between the patient isolates and chick-
en isolates would not be a serious problem. 
In conclusion, breeding chicken in a clean environment,
slaughtering food animals in hygienic spaces, and a greater
adherence to food processing standards are also required to
prevent the intra- and interspecies transmission of NTS.
Furthermore, the more prudent use of antibiotics is recom-
mended for humans, in veterinary medicine, and in animal
husbandry, which will be the key to reduce transmission of
antimicrobial resistant NTS. 
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